Objective: To evaluate the differences in developmental outcomes between very low birth weight twins conceived by assisted reproduction techniques and those conceived spontaneously.
Introduction
Assisted reproduction technology (ART) is associated with an increased incidence of multiple-gestation pregnancies, preterm delivery and low birth weight infants. 1, 2 Evidence suggests that ART results in a greater risk of cerebral palsy and chromosome abnormalities, which has been attributed primarily to multiple pregnancy. [3] [4] [5] Whether the method of assisted reproduction itself affects neurological development of children remains controversial. Previous studies showed that the perinatal outcome of twins conceived by ART was comparable to that of spontaneously conceived twins, when matched for birth weight and gestational age. [6] [7] [8] Very few studies addressed the effect of ART on the longterm developmental outcome of twins. [9] [10] [11] and no study has assessed the developmental outcome of very-low-birth-weight (VLBW) twins. Therefore, in this study we compared the results of the Kyoto Scale of Psychological Development between VLBW twins conceived by assisted reproduction (ART) and spontaneously conceived VLBW twins (SP). In addition to total developmental quotient (DQ), three subscale DQ for posture-motor (PM), cognition-adaptation (CA) and language-social (LS) skills were compared separately.
Materials and methods
The study was performed at Center for Perinatal Medicine at Jichi Medical School Hospital. Of 1601 infants admitted to NICU between March 1994 and June 2000, twin pairs weighing below 1500 g at birth were classified into spontaneous (SP) twins and twins conceived by ART. ART included ovulation by clomiphene, artificial insemination by husband (AIH), gamete-intra-fallopian transfer (GIFT), in vitro fertilization and embryonic transfer (IVF-ET), and intra-cytoplasmic sperm injection (ICSI). Data on obstetrical history of mothers, and perinatal characteristics of infants were reviewed from medical records. Diagnoses of perinatal complications were based on standard definitions. Premature rupture of membrane (PROM) was defined as ruptured membrane more than 24 h prior to the delivery. PDA was diagnosed when symptomatic and indomethacin was given. Grade 1-4 intraventricular hemorrhage (IVH) and cystic periventricular leukomalacia (PVL) were diagnosed by ultrasonography. Gestational age was determined either by the date of the last menstrual period or by early ultrasound. Chorionicity was diagnosed by ultrasound performed at early pregnancy and was determined by placental pathology after birth. Small for gestational age was defined as birth weight below the tenth percentile.
Patients were tested for the Kyoto Scale of Psychological Development at 36 months of corrected age. One clinical psychologist administered the test. The Kyoto Scale of Psychological Development is the most widely used developmental scale in Japan. 12 It consists of three subscales: PM, CA and LS. PM is evaluated by the pattern of walking and climbing up the stairs. CA is assessed by tasks, such as making patterns with blocks and copying circles. LS is evaluated, for example, by the children's ability to say their names and ages. Developmental quotient for each subscales and total DQ was estimated from the developmental age defined for each task. Statview 5.0 (SAS) was used for statistical analysis. Fisher's exact test was conducted for categorical data and Student's t-test was used for continuous data. P-value less than 0.05 was considered significant. The study was approved by the ethical committee of Jichi Medical School.
Results

Patients
During the study period, 305 VLBW infants were admitted to NICU. Two hundred of these were singletons, 12 were triplets and 93 were twins. In 32 sets of twins, both infants weighed less than 1500 g. In two sets of spontaneous monochorionic (MC) twins, one of the twins died because of twin-to-twin transfusion syndrome (TTTS). In another two sets, one of the twins had severe congenital malformations. Twenty-seven sets of twins survived to discharge, but four sets moved out of the region. In one set of spontaneous MC twins, neither twin could undergo the developmental test because of the severe cerebral palsy and mental retardation. The remaining 22 sets of twins (44 infants) were followed to 36 months of corrected age and the developmental test was performed.
Perinatal characteristics and neonatal morbidity Among 44 infants, 16 (36%) were spontaneous twins (SP) and 28 (64%) were twins conceived by ART. Infants conceived by ART consisted of four infants conceived by clomiphene, eight by AIH, six by GIFT, four by IVF-ET, and four by ICSI. All twins by ART were dichorionic (DC). Most maternal and neonatal characteristics were similar between the groups (Table 1) . Apgar score at 5 min was significantly lower in spontaneous twins. Among SGA infants, one Developmental outcome of preterm twins A Ito et al was below the 10th percentile for both height and weight, and was diagnosed as having asymmetrical intra-uterine growth retardation (IUGR). There were no symmetrical IUGR infants in our cohort. Regarding IVH, one had grade 1 and the other grade 2 IVH.
Developmental quotient (DQ) at 36 months ART twins had significantly lower total DQ than spontaneous twins (Table 2, Figure 1 ). Whereas subscale DQ for PM was similar between groups, DQ for CA and LS were lower in ART twins. The percentage of infants with DQ below 85 for LS was significantly higher among twins conceived by ART (Table 3) . Comparison was also made between ART and spontaneous dichorionic (SP-DC) twins. The difference between groups showed the same tendency as noted above, but the difference was not significant.
Discussion
Long-term developmental outcome of twins conceived by ART was evaluated in a Danish national study. 9, 10 It showed that the prevalence of mental retardation, cerebral palsy and pervasive developmental disorder was comparable to that among spontaneously conceived twins. 10 A smaller study performed by Brandes et al. 11 assessed mental abilities of twins conceived by IVF-ET at 30-45 months of age. They concluded that the results of Stanford-Binet Intelligence Scale did not Table 3 Number of patients with borderline DQ differ from those of the matched controls. However, there has not been any study to date that has specifically evaluated the developmental outcome of VLBW twins conceived by ART. In contrast to previous studies, our study indicated that VLBW twins conceived by ART showed a different pattern of DQ from spontaneous VLBW twins. Their incidence of borderline DQ was higher because of lower CA DQ and LS DQ. The results suggest that VLBW twins conceived by ART tended to score lower on cognitive and linguistic tasks than motor tasks, whereas spontaneous twins scored higher on tasks involving cognitive activities.
Our findings suggest that VLBW infants are more susceptible to adverse effect on development associated with ART than infants born at term. Most previous studies concluded that neurological complications of ART are primarily owing to multiple pregnancies. However, recent evidence has suggested that infants conceived by ART are not biologically identical to naturally conceived infants. ICSI and IVF have been reported to increase chimerism in DC twins 13 as well as imprinting disorder.
14 Differences in environmental factors, such as economic status, parent's education, parenting behavior and parent's psychological attitude toward children, may have also affected the result. Baor et al. 15 reported that the mothers of twins conceived by ART are more stressed than the mothers of natural twins. Unfortunately, we cannot draw conclusions about the specific effect of ART, because the number of SP-DC in this series was small. As ART twins were predominantly dichorionic, the differences in outcome may have resulted from dichorionicity rather than ART itself.
In our study, severe TTTS resulted in significant loss of spontaneous MC twins. Only twins who both survived and could undergo the developmental test were selected, and significant bias may have thus occurred. Lower DQ at 3-years old does not necessarily mean that these children will continue to perform more poorly in later years. Neurodevelopmental disability in VLBW infants over the first few years of life has been shown to recover over time. 16 On the other hand, other disabilities can manifest as significant after the infants appeared normal during the first 3 years of life. Despite limitations, the results suggest that VLBW twins conceived by ART showed a different pattern of development compared to that of spontaneous twins. Longer follow-up of a larger cohort is needed.
